| INTRODUC TI ON
Deep infiltrating endometriosis (DIE) is defined as infiltrative growth of extrauterine endometrial glands and stroma extending below the peritoneal surface >5 mm.
1 DIE affecting the colon and/ or rectum has been associated with severe pain symptoms, 2 altered digestive function, 3 and decreased fertility, 4 consequently leading to impaired quality of life in these patients. Medical treatment does offer a valuable therapeutic option in the majority of women affected with colorectal DIE. 5 However, a significant percentage of women will experience continuing pain or may not tolerate the adverse effects of medical therapy. 6 In addition, spontaneous and in vitro fertilization (IVF) rates have been demonstrated as being decreased in women with advanced disease and colorectal endometriosis. 2 These issues may, to a significant extent, be overcome by surgical removal of DIE lesions, which thereby offers an effective alternative treatment strategy to these patients. 4, 7 Several studies have demonstrated a significant drop in pain scores and amelioration of impaired sexual functioning in women following surgical resection of colorectal endometriosis. 7 Furthermore, there is increasing evidence demonstrating overall pregnancy rates (PR)
ranging from 42% up to 80% in women with resected colorectal disease. 4 There is an ongoing discussion on how to optimally resect bowel endometriosis. Rectal shaving, which involves resection of DIE leaving the bowel mucosa intact, and limited full-thickness discoid resection either conducted laparoscopically or transanally have been proposed as so-called conservative treatment approaches. [8] [9] [10] In contrast, full-thickness resection of a whole bowel segment has been advocated in advanced colorectal DIE where limited resection techniques are difficult to apply. 11, 12 However, there is a variety in the approach to segmental bowel resection for DIE. Standard colorectal resection, which is primarily performed for cancer of the rectum or sigmoid colon, involves mobilization of the rectosigmoid as in standard total mesorectal excision surgery including resection of a significant length of the bowel around the lesion as well as the surrounding tissue up to the plane between the mesorectum and the presacral fascia. 13 This standard technique may also be applied for colorectal DIE in institutions where the general surgeon is primarily involved for segmental resections as reported previously. [14] [15] [16] [17] In accordance with previous publications, 18 our strategy for surgical resection of bowel disease includes conservative and radical, ie, segmental removal of DIE with the aim of limiting the resected segment to the area of infiltration with a tubular, nerve-sparing, but also mesorectum and artery-sparing, treatment approach. Transvaginal sonography (TVS), performed by the gynecological surgeon, is essential in our preoperative workup. In addition to the classical nerve-sparing technique, we also aim to spare all tissues and vessels surrounding the rectal wall, which is then resected in a limited, tubular manner. The present study was conducted to evaluate the short-and long-term outcomes of disk and limited nerve-and vessel-sparing segmental resection regarding perioperative morbidity, long-term pain, and fertility outcomes.
| MATERIAL AND ME THODS
From March 2011 to August 2016, a total of 134 women underwent surgical treatment for DIE, of which all showed involvement of the rectum and/or sigmoid colon involving at least the serosal and muscular layer confirmed by histological analysis. All preoperative scans and surgical procedures were performed in our departments by one main gynecological surgeon (GH) in a multidisciplinary team setting consisting of four colorectal surgeons (BD, TB, FB, and MD) and two urological surgeons.
The departments are linked tertiary referral centers for women with severe endometriosis. Over the study period, all women with rectal DIE including cases with DIE of other locations (vagina, rectovaginal septum, urinary bladder, and/or ureteric involvement) were treated surgically.
All patients were recruited from our pelvic pain clinic and underwent preoperative TVS for detection of DIE and clinical examination by one person (GH) followed by renal sonography to diagnose possible hydronephrosis. Clinical data including age, body mass index, parity, previous surgical treatments, and symptoms described by a numerical 10-point analogue rating scale for dysmenorrhea, dyspareunia, dyschezia and dysuria, and quality of life were evaluated prospectively pre-and postoperatively (Table 1) . Women who failed to achieve a clinical pregnancy by >12 months or more of regular unprotected intercourse were considered infertile. All infertile women had preoperative infertility workup including ovulation studies, TVS examination and semen analysis. Women under the age of 18 years, women with psychiatric disorders or a history of malignancy as well as virgins were excluded from the analysis.
Intraoperative details were noted, and a postoperative checkup was performed at 2 months followed by a telephone survey at the time of re-evaluation of data in order to update the information on symptoms, fertility, and bowel and/or bladder/renal function. Postoperative bowel function was assessed using the validated scoring system for lower anterior resection syndrome (LARS). 19 This scoring system is validated on patients with rectal cancer but can provide information on bowel-related quality of life for women undergoing bowel surgery for advanced endometriosis.
| Surgical procedure and postoperative management
Surgical treatment was indicated on the basis of pain symptoms and/or infertility and was performed by a multidisciplinary team. All Alternatively, the nodule was fixed by a suture and positioned into an opened laparoscopically applied linear stapler followed by firing and specimen retraction, preceded by the introduction of a bougie device with the stapler in a closed position to exclude narrowing of the bowel lumen. This technique, however, was only applied at the beginning of this study and was later substituted by the transanal
DR.
In patients with bowel involvement > 2 cm in diameter evaluated by presurgical TVS and the intraopertative situs, as well as in patients with multiple, ie, ≥ 2 bowel lesions, a full-thickness SR was performed according to our institutional practice standards by enlarging the suprapubic incision to 3 cm to facilitate exteriorization of the bowel segment which was purely resected in the area of visible endometriotic involvement. In all cases, the hypogastric plexus was spared from resection. In all but 4 cases, we were able to spare the mid and lower rectal artery. Initially, the stapling device was positioned within 1-2 cm below the level of infiltration and transected. End-to-end or, in rare cases, lateral to end colorectal anastomosis was then constructed using a rectally introduced forceps. In cases of urinary tract endometriosis, surgical techniques have been described previously. 
| Statistical analyses
Data were analyzed using SSPS software (IBM Corp., Armonk, NY). 
| Ethical approval
The procedure was not considered experimental and the study was ap- 
| RE SULTS

| Epidemiological data and short-term results
Patient characteristics and demographic data on fertility are presented in 
| Long-term follow-up data and fertility outcomes
All women attended a follow-up visit at 2 months postoperatively and 112 of 134 (83.5%) women took part in a telephone interview and answered a self-administered questionnaire on pain symptoms, bowel However, one woman in the SR group was diagnosed with postoperative bowel stenosis and underwent balloon dilatation. Whereas none of the women in the SR group reported symptoms suggestive of recurrent rectosigmoidal DIE later, two women with previous DR (6.2%) reported severe recurrent dyschezia and dysmenorrhea and exhibited recurrent rectal DIE diagnosed via TVS. Table 3 and Figures 2 and 3 depict changes in symptoms and quality of life scores. All patients who were eligible for long-term follow-up were asked whether they would repeat the surgery with all its consequences; 94% in the SR cohort and 90% in the DR group were in favor of surgery.
Outcomes of infertile women regarding the long-term effect of surgery on fertility are presented in 
| D ISCUSS I ON
There is increasing but still limited evidence that infertile women with advanced stage DIE do benefit from radical surgery regarding altered postsurgical spontaneous and IVF PRs. 4 However, the situation is complex in this patient group because multiple additional influencing factors such as age, ovarian reserve, and the presence TA B L E 3 Long-term outcomes of 112 eligible women regarding pain symptoms following segmental and discoid resection for colorectal DIE
Mean duration of postoperative follow-up in months (mean ± SD)
Segmental resection (n = 81) Disk resection (n = 31) Dyspareunia (mean ± SD) 3.5 ± 3.0 0.7 ± 1.5 <0.0001 4.9 ± 2.5 1.2 ± 1.5 < 0.0001
Dyschezia (mean ± SD) 4.2 ± 3.5 0.7 ± 1.5 <0.0001 3.0 ± 3.5 0.6 ± 1.4 0.0001
Dysuria (mean ± SD) 0.7 ± 1.9 0.09 ± 0.5 0.009 0.6 ± 1.7 0.1 ± 0.3 0.18
Quality of life score (mean ± SD) 2.8 ± 1.5 8. women were lost to follow up, we observed a spontaneous PR and overall PR of 42.6% and 63.9%, respectively, and a live birth rate of 49.2%. This is in line with previous reports and underlines the beneficial effect of radical surgery for colorectal DIE on fertility, especially when taking into account that a significant percentage of infertile women with previous bowel DIE will conceive naturally and may therefore avoid IVF with its potential risks such as ovarian hyperstimulation syndrome, multiple pregnancies, exacerbation of symptoms, and/or bowel obstruction. 27 Whether infertility in the absence of pain symptoms justifies extensive surgery in women with colorectal DIE remains highly questionable given the potential risks of surgery and satisfying outcomes of primary IVF in these women. 2 In our cohort, only one woman with absent symptoms and multiple previous IVF failures opted for surgery.
Similar to fertility outcomes, there is also a wide range of complication rates following colorectal resection techniques for bowel DIE. As suggested in an expert opinion paper and review of the literature, 32 full resection of DIE should be the goal in order to achieve an optimal outcome when surgery is chosen as a treatment strategy for rectosigmoidal DIE. The authors suggest that SR should be favored in sigmoidal lesions, multiple nodules, and lesions > 3 cm in diameter as well as in deep infiltrating disease involving the submucosa and/ or mucosa. Our analysis supports this approach demonstrating low morbidity even when radical surgical approaches, ie, SR, are favored over conservative approaches in lesions between 2 and 3 cm in diameter and above. Our analysis does have some weaknesses. First and foremost, this study was not undertaken in a randomized controlled and blinded setting. As a consequence, differences in results regarding SR and DR must be interpreted with caution. Furthermore, 16 .4% of participants were lost to follow up, which may influence the results in a negative way. One explanation for the loss to follow up may also be the fact that the majority of these women were from different ethnic backgrounds and had left the country. Finally, we only evaluated functional outcomes postoperatively and did not evaluate LARS scores and bowel function over time. Despite the potential risks of bowel surgery and possible long-term functional impairment of bowel function, the final question remaining is whether the benefits outweigh possible complications and rectosigmoidal dysfunction following surgery. In our cohort, 94% in the SR group and 90% in the DR cohort would again favor surgery when asked whether to repeat the procedure or not.
| CON CLUS ION
In conclusion, the results of the present analysis underline the beneficial effect of both DR and SR for DIE for improvement of pain symptoms and increasing fertility. The decision whether to favor conservative surgery or SR in women with singular and large lesions should, in our opinion and based on the present evidence, be left to the interdisciplinary surgical team and individual experience.
